To study the roles offl2-microglobulin (fl~-m) and major histocompatibility complex (MHC) class I expression in human cytomegalovirus (HCMV) infection, the ability of HCMV strain AD-169 to infect and replicate in a human melanoma cell line (FO-1), which is fl2-mdeficient and cannot express MHC class I on its cell surface, was examined. Susceptibility of FO-1 cells was compared with human foreskin fibroblasts (HFF) and FO-1H cells (FO-1 cells that have been transfected with the human fl2-m gene, restoring MHC I expression on the cell surface). As judged by the HCMV immediate early 1 (IE-1) antigen expression, HCMV was able to infect FO-1 cells, although somewhat less efficiently than HFF. However, the expression of HCMV late (L) antigen and the production of virus was significantly less for FO-1 cells than for HFF. Analysis of the FO-1H transfectants revealed that expression of IE-1 and L HCMV antigens was comparable to FO-1 cells, which lack MHC I. Treatment of FO-1 and FO-1H cells with sodium butyrate prior to inoculation did not alter the expression ofMHC I in either cell type, but did increase susceptibility of both cell types to HCMV infection, as well as the expression of L antigens and production of virus. These studies indicate that HCMV infection of FO-1 cells is independent of fl2-m and MHC class I expression.
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Human cytomegalovirus (HCMV) is a herpesvirus that causes significant diseases in immunocompromised individuals and in congenitally infected newborns (Weller, 1971; Adler, 1990; Betts & Hanshaw, 1977) . To understand the interactions of a virus with a host, it is crucial to characterize the early interactions with target cells. A number of receptors have been identified for human pathogenic viruses, including CR2 for Epstein-Barr virus (Fingeroth et al., 1984; Nemerow et al., 1985) , CD4 for human immunodeficiency virus (Dalgleish et al., 1984) and ICAM-1 for rhinoviruses (Staunton et al., 1989) . Although our understanding of HCMV infection of cells has significantly increased, the mechanisms involved in initiating HCMV infection remain difficult to characterize. A number of candidates have been considered as the cellular receptors that mediate HCMV infection (Taylor & Cooper, 1989; Cooper et al., 1991 ; Nowlin et al., 1991 ; Compton et al., 1992 Compton et al., , 1993 Keay et al., 1989) .
Previous reports that HCMV avidly associates with fl2-microglobulin (fl2-m) led to the hypothesis that HCMV may use the major histocompatibility complex (MHC) class I complex as one route to initiate infection (Grundy, 1990) . The MHC I molecules are glycosylated transmembrane polypeptides, which are non-covalently associated with the non-glycosylated protein, fl~-m, fl2-m association is necessary for the processing, transport and expression of the MHC I antigens on the cell surface (Cox et al., 1990; Sege et al., 1981) . To examine the role of fl2-m and MHC I in HCMV infection, the FO-1 cell line, which is unable to express MHC I molecules on the cell surface owing to a deletion mutation of the fl2-m gene (D'urso et al., 1990) , was utilized. HCMV infection of FO-1H cells, FO-1 cells that have been transfected with the human fi2-m gene, restoring the ability of the cells to express MHC I on their surface, was studied for comparison. These studies demonstrate that FO-1 cells are comparable to human foreskin fibroblasts (HFF) in susceptibility to HCMV infection, suggesting that MHC class I molecules are not necessary for HCMV infection of cells.
The origin and characteristics of FO-1 and FO-1H cell lines have been previously described (D'urso et al., 1990; Maio et al., 1991) . HFFs were purchased from Clonetics. Cells were propagated and maintained in Eagle's MEM with 10 % fetal bovine serum (FBS), penicillin (250 units/ml) and gentamicin (50 ~tg/ml).
HCMV strain AD-169 was obtained from the ATCC. Stock virus pools were prepared from the supernatants of HFF cells infected at a multiplicity of 0" 1. Aliquots of stock virus were stored at -70 °C without preservatives and were used within 2 months. 47.6-+ 1.9 5-2-+ 1.6 1.7+0-14 FO-1H Sodium butyrate 68-4 ___ 3'9 60.7 -+ 5-5 14 + 2-8 * Monolayers were inoculated with HCMV strain AD-169 at an m.o.i, of 1. I" Infected cells were fixed and stained with monoclonal antibodies to IE-I and antigens, 24 h and 3 days after infection, respectively. The percentage of cells with HCMV antigens was determined by counting repetitive random fields using an ocular grid micrometer. The values are the mean of at least three separate determinations.
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:~ Supernatartts were collected at 6 day periods and the virus yield calculated from a plaque assay. § Cells were treated with 8 m~-sodium butyrate for 24 h before inoculation.
Monoclonal antibodies P63-27, reactive against HCMV immediate early 1 (IE-1) antigen, and 28-21, reactive to a late (L) HCMV antigen, were kindly provided by Dr W. Britt (University of Alabama, Birmingham, Ala., U.S.A.). Monoclonal antibodies reacting with the MHC I protein antigens included W6/32, reactive with monomorphic determinants expressed on the MHC I heavy chain associated with fl2-m (Burnstable et al., 1978) and T25.99, reactive with determinants expressed on both fl~-m-associated and non-associated MHC I heavy chains (D'urso et al., 1990) . NAMB-1 is a monoclonal antibody reactive with human fl2-m (Turco et al., 1985) .
Fresh confluent monolayers of HFF, FO-1 and FO-1H cells were inoculated with HCMV AD-169 at an m.o.i, of 1. To assess virus production, confluent cell monolayers in 25 cm 2 plastic tissue flasks (Falcon) were inoculated. At day 6 after inoculation, supernatants were collected and the quantity of virus was determined in duplicate by a standard HCMV plaque assay under 1% methylcellulose overlay (Wentworth & French, 1969) .
Detection of viral antigens in the infected cell monolayers was performed by indirect immunocytochemical analysis, using monoclonal antibodies to HCMV. HCMV-infected and uninfected HFF, FO-1 and FO-1H cells, grown in 24-well tissue culture dishes, were fixed with PBS containing 3.75 % formaldehyde, treated for 5 minutes with PBS containing 1% Triton X-100 and stored at 4 °C in PBS, 0-2% BSA and 0.02 Msodium azide. For HCMV antigen detection, the cells were incubated with monoclonal antibodies either to IE-1 (P63-27; diluted 1:80) or late antigen (28-21; diluted 1:4) for 45 min at room temperature, followed by washing and incubation with horseradish peroxidaseconjugated goat anti-mouse IgG (Organon Teknika), diluted 1 : 200 with PBS containing 0.2 % BSA. Antigens were disclosed by a colour reaction using 0.05% diaminobenzidine and 0.003% H20 ~ in PBS, and counterstaining with haematoxylin (Sigma). The percentage of cells with HCMV antigens was determined by repeatedly counting random fields using an ocular grid micrometer (CK2; Olympus). The values are the mean of at least three separate determinations.
Flow cytometric analysis was used to determine the expression of MHC I or fl2-m on the cell surface. Cells (1 x 106) were reacted with excess monoclonal antibody to the MHC I heavy chain (W6/32, TP25.99) or fl2-m (NAMB-1) diluted in PBS, 0.2% BSA and 0"02M-sodium azide at 4 °C for 45 min, then washed and reacted with fluorescein isothiocyanate-labelled antibody to mouse Ig. Cells were analysed on a fluorescenceactivated cell sorter (FACS; Becton Dickinson).
The expression of MHC I and fl2-m on the surface of HFF, FO-1 and FO-1H cells was examined by flow cytometry (data not shown). As previously reported, FO-1 cells were devoid of MHC I or fl~-m on the cell surface (D'urso et al., 1990; Maio et al., 1991 ; Tatake et al., 1992) . In contrast, FO-1H expressed high levels of MHC I and fl2-m. Treatment with interferon ~, (1000 units/ml) did not alter MHC I or fl2-m expression on FO-1 cells, but significantly increased expression on HFF and FO-1H cells (data not shown). Thus, FO-1 cells are devoid of either MHC I or fl2-m expression.
The susceptibility of FO-1 cells to HCMV infection was compared to HFF cells (Table 1) . Based on the detection of HCMV IE-1 antigen following inoculation, FO-1 cells were susceptible to HCMV infection, although somewhat less susceptible than HFF cells. In contrast, the expression of L HCMV antigen and the production of virus by FO-1 cells were significantly less than in HFF cells, indicating FO-1 cells are not fully permissive to replication. Fluorescence intensity The susceptibility of FO-1 cells, which lack MHC I on cell surface, was then compared to MHC I-expressing FO-1H cells. Based on the expression of IE-1 antigen, HCMV was able to infect both FO-1 and FO-1H cells (Table 1) . There was no detectable difference in the level of susceptibility of these cells to virus infection. The expression of L antigen in both FO-1 and FO-1H cells was significantly less than that of IE-1 antigen. Furthermore, HCMV L antigen expression and virus replication was reduced in FO-1 and FO-1H cells compared to HFF cells.
A number of studies have demonstrated that sodium butyrate can alter the susceptibility of cells to HCMV infection (Radsak et al., 1989; Tanaka et al., 1991; Wu et al., 1993) . Thus, the effect of sodium butyrate pretreatment of FO-1 and FO-1H cells on susceptibility to HCMV infection was examined (Table 1) . Although the exposure of FO-1 and FO-1H cells to sodium butyrate (8 mM) for 24 h prior to inoculation increased the number of cells expressing IE-1 antigen in both cell types, there was no significant difference between the various cells. FACS analysis demonstrated that the increased susceptibility with this pretreatment was not associated with alteration in the surface expression of MHC I or fl2-m for either FO-1 or FO-1H cells (Fig. 1) . In contrast, treatment of FO-1 and FO-1H cells prior to infection did increase both the expression of L antigen and the production of virus (Table 1) .
Viral infections are generally initiated by attachment of virus particles to cellular surface molecules, followed by internalization. Viruses have evolved the capacity to utilize specific host cell-surface molecules as receptors, although the nature of receptors for most viruses has not been defined. Prior studies have indicated that MHC I antigen could act as a receptor for several viruses (Atwood & Norkin, 1989; Breau et al., 1992; Hecht & Summers, 1976; Helenius et al., 1978) . For example, MHC I acts as a receptor for Semliki Forest virus (Helenius et al., 1978) . J. A. McKeating and coworkers observed that HCMV purified from urine is coated with fl2-m and that fl2-m increased the infectivity of HCMV (Grundy et al., 1987a (Grundy et al., , b, 1991 McKeating et al., 1987) . These results led to the hypothesis that the MHC I molecule(s) was the receptor for HCMV. In this model, HCMV particles coated with fl2-m bind to the cell surface by replacing fl2-m from MHC I molecules, thus leading to receptormediated endocytosis initiated by cross-linking of MHC I (Grundy, 1990) . To support this hypothesis, these same investigators demonstrated that Daudi cells, lymphocytes that express low levels of MHC I on the cell surface, bound less HCMV and were less susceptible to infection than Raji cells, which have normal levels of MHC I antigen (Grundy et aL, 1987a) . The broad range of cell types that HCMV is known to infect supports the idea that a ubiquitously expressed molecule, such as MHC I, may be the receptor for HCMV. For example, HCMV infects human fibroblast (Weller, 1971) , human thymic epithelial cells (Numazaki et aL, 1989) , human lymphocytes (Einhorn & Ost, 1984) , certain peripheral blood mononuclear cells (Soderberg et al., 1993a) and human brain capillary endothelial cells (Lathey et al., 1990; Poland et al., 1990) . Several studies with routine cytomegalovirus also suggested that MHC I molecules play a role in initiating infection (Chalmer et al., 1977; Price et al., 1990; Wykes et al., 1992 Wykes et al., , 1993 .
Subsequent studies by others have cast doubt on this paradigm. The association offl2-m with HCMV infection has not been consistently shown (Beersma et al., 1990 (Beersma et al., , 1991 . Furthermore, fl2-m appears to be associated with the viral tegument, rather than envelope (Stannard, 1989) . In studies examining the ability of HCMV to infect human cells and murine L cells, which had been transfected with genes for the MHC I heavy chain and fl2-m, expression of the MHC I complex did not correlate with susceptibility to HCMV infection (Beersma et al., 1990) . Deletion of the HCMV UL18 gene, the MHC I homologue, did not alter infection (Browne et al., 1992) . Furthermore, treatment of cells with trypsin, which does not alter the cellular MHC I complex, ablated susceptibility to HCMV infection, suggesting that proteins other than MHC I were involved in infection (Taylor & Cooper, 1989) . The present studies were undertaken to examine HCMV infection of a human cell line, FO-1, which is not able to express MHC class I, owing to a deletion of the fl2-m gene. Unlike Daudi and Raji cells, which differ in aspects other than MHC expression, FO-1 cells differ from FO-1H cells only by the reinsertion of the human fl2-m gene. FO-1 cells, which lack the fl2-m gene and are unable to express MHC I, are comparable to HFF in susceptibility to HCMV infection. Reconstitution of MHC I expression, by transfection of the human fl2-m gene, did not alter this susceptibility. Treatment of cells with sodium butyrate augmented HCMV infection, but did not alter MHC 1 expression. Thus, our data does not support the hypothesis that MHC I expression is necessary for HCMV infection. Other candidate molecules, such as CD13 (Soderberg et al., 1993 b) , may serve as cellular receptors for HCMV infection.
